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We argue that interactions in the dark sector may have a crucial impact on the cosmolog-
ical dynamics. In particular, the future cosmic evolution may be very different from that
predicted by the ΛCDM model. An example is a scenario in which the currently observed
accelerated expansion is an interaction-induced transient phenomenon. We discuss such
type of behavior on the basis of a two-fluid toy model.
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1. Introduction
Although the ΛCDM model has received the status of a standard model for the
cosmological dynamics, alternative approaches are useful to open different perspec-
tives and therefore continue to deserve attention. We are focusing here on the oc-
casionally discussed idea that the currently observed accelerated expansion of the
Universe might be a transient phenomenon, implying that a de Sitter phase does
not necessarily represent the final state of the cosmic evolution. While naturally a
different future evolution is not directly testable with current data, the latter may
nevertheless be used to restrict the admissible range of model parameters. Within
an effective fluid approach we establish a toy model in which a suitable interaction
between dark matter and dark energy results in a transition from decelerated to
accelerated expansion in the past, followed by a reverse transition from accelerated
to decelerated expansion in the future.1,2
2. Background Dynamics of Interacting Fluids
We model the cosmic substratum as a two-component system, described by the
energy-momentum tensor
T ik = T ikm + T
ik
x , T
ik
;k = 0 , (1)
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where T ikm represents pressureless (dark) matter and T
ik
x represents some kind of
dark energy. Both the total energy momentum tensor T ik and its parts T ikm and T
ik
x
are assumed to have perfect-fluid structures, i.e., T ik = ρuiuk + phik and T ikA =
ρAu
i
Au
k
A + pAh
ik
A , respectively, with h
ik = gik + uiuk and hikA = g
ik + uiAu
k
A, where
A = m,x. In general, the four-velocities ui, uim and u
i
x are different. We assume
them to coincide, however, in the homogeneous and isotropic background, where
ρ˙m + 3Hρm = Q , ρ˙x + 3H(1 + w)ρx = −Q , (2)
with Q = −uaQ
a being a phenomenological quantity. An interaction modifies the
usual a−3 behavior of the matter energy density to ρm = ρm0a
−3 f(a), where the
function f(a) encodes the influence of the interaction and Q = ρmf˙ /f . It is con-
venient to write the function f(a) as f (a) = 1 + g (a). We consider the special
case
w = −1 , g(a) = γ a5 exp(−a2/σ2) , (3)
where γ is an interaction constant, as a toy model. Under these circumstances the
dark-energy density becomes
ρx = ρ
eff
x0 −γ
ρm0
[
a2 − 3
2
σ2
]
1 + g0
e−a
2/σ2 , ρeffx0 = ρx0 −
3
2
γ
ρm0
[
σ2 − 2
3
]
1 + g0
e−1/σ
2
, (4)
where ρeffx0 is an effective cosmological constant. The interaction re-normalizes
the bare (interaction-free) value ρx0 . A transient acceleration is only possible for
ρeffx0 = 0 since otherwise the constant would always prevail in the long-time limit.
This means, for accelerated expansion to be a transient phenomenon, part of the
interaction has to cancel the bare cosmological constant. With the requirement
ρeffx0 = 0 and the definition
K =
8πG
3H20
γ
ρm0
1 + g0
(5)
of the interaction parameter K one finds that there exists a range
2
9
e1/σ
2
σ2 − 2
3
< K <
2e1/σ
2
3σ2
(6)
of possible values for the interaction parameter K that guarantees an early matter-
dominated phase, accelerated expansion around the present time and a phase of
decelerated expansion in the far-future limit. The corresponding deceleration param-
eter is shown Fig. 1. Using the Constitution set, we find best-fit values K = 0.018
and σ = 5.23.
3. Perturbation Dynamics
Different from the ΛCDM model, in dynamical dark-energy models perturbations
of the dark-energy component do not vanish in general. In order to reduce the first-
order gauge-invariant perturbation dynamics we assume a proportionality δx = ǫδm
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Fig. 1. The deceleration parameter of the transient acceleration model as function of the redshift
for the best-fit parameters (solid line). The dashed line shows the corresponding dependence for
the ΛCDM model. The value q = 1/2 corresponds to the Einstein-de Sitter universe.
between the fractional, gauge-invariant perturbations δx and δm of dark energy
and dark matter, respectively. Calculating the matter power-spectrum and com-
paring the result with the data of the 2dFGRS project, we find a best-fit value of
ǫ = −0.000023 which indicates that for our model dark-energy perturbations are
negligible, at least on scales that are relevant for structure formation. However, our
analysis also reveals that on the largest scales a value of ǫ = 0.001 shows a better
performance. This indicates an increasing role of dark-energy perturbations with
increasing scale, even though they remain small compared with the matter pertur-
bations. A more advanced analysis should take into account a scale-dependence of
the parameter ǫ.
4. Discussion
A phenomenological model of transient accelerated expansion in which an interac-
tion in the dark sector is constitutive for the cosmological dynamics does not seem
to contradict current observational data. The detailed structure of the interaction
was chosen here for mathematical convenience but we think that it can be used to
discuss general features of transient acceleration models. The interaction has to play
a twofold role. It has both to cancel a “bare” cosmological constant and, at the same
time, to generate a phase of accelerated expansion by itself. A statistical analysis
on the basis of the 2dFGRS data revealed that perturbations of the dark-energy
component are negligible on scales that are relevant for structure formation. Only
on very large scales their contribution might be noticeable.
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